Jadidi M.R., Sabuni M.S., Homayounifar M., Mohammadi A., 2012. Assessment of energy use pattern for tomato production in Iran: A case study from the Marand region. Res. Agr. Eng., 58: 50-56.
Agriculture is a vital sector in the Iran economy. It accounted for 10.9% of gross national product in 2009 (Central Intelligence Agency 2010) . But the importance of agriculture has declined in relation to the rapid increase observed in the industry and service sectors.
The tomato belongs to worldwide most widespread sort of vegetables. Tomato production is considered to be a main source of raw material for the tomato processing industry. Tomato production creates an income for many rural farmers in Iran.
Efficient use of resources is one of the major assets of sustainable production in agriculture. Also, efficient use of energy is one of the principal requirements of sustainable agriculture. Energy use in agriculture has been increasing in response to increasing population, limited supply of arable land, and a desire for higher standards of living. Continuous demand in increasing food production resulted in intensive use of chemical fertilizers, pesticides, agricultural machinery and other natural resources. However, intensive use of energy causes problems threatening public health and environment. Efficient use of energy in agriculture will minimize environmental problems, prevent destruction of natural resources, and promote sustainable agriculture as an economical production system (Dalgaard et al. 2001) .
In order to get higher productivity, the farmers, in general, use their resources in excess and inefficiently. The excess use of resources and scope to increase the productivity or conserve the energy input without affecting the productivity, thereby enhancing the efficiency of energy use, was viewed by many researchers (Kutala 1993; Refsgaard et al. 1998; Chauhan et al. 2006; Mobtaker et al. 2010; Mohammadi et al. 2011; Mousavi-Avval et al. 2011a, b) . An analysis of input-output of energy is used in determining the effects of production on the use of energy in various crops. Many researchers studied energy and economic analysis to determine the energy efficiency of plant production, such as sugarcane in Morocco (Mrini et al. 2001) , soybean, maize and wheat in Italy (Sartori et al. 2005) , wheat, maize, sorghum in USA (Franzluebbers, Francis 1995) , apple in Iran , cucumber in Iran (Mohammadi, Omid 2010) , kiwifruit production in Iran , onion in Pennsylvania (Moore 2010 ) and coriander, lettuce, radish and spinach in Colombia (Bojaca, Schrevens 2010) . However, little study was encountered on the efficiency of energy use in tomato production and optimization of energy inputs.
The aim of the contribution was to determine energy consumption of input and output used in tomato production and to optimize the energy inputs in the Marand region, Iran. The study also sought to analyze the effect of farm size on energy use and input costs based on tomatoes production and to reveal the relationship between energy inputs and yield by developing mathematical models.
MATERIAL AND METHODS
The study was carried out in 140 tomato producer in the Marand region, Iran. It is located in the northwest of Iran, between 38°07' and 38°56' north latitude and 45°15' and 45°50' east longitude.
Data were collected from the growers by using a face-to-face questionnaire. The data collected belonged to the production period of [2008] [2009] . Sample farms were randomly selected from the villages in the study area by using a stratified random sampling technique. The sample size was calculated using the Neyman method (Yamane 1967) with the farms classified into three groups as small (<= 0.6 ha), medium (0.6 <= 1.5 ha) and large farms (> 1.5 ha). The permissible error in the sample size was defined to be 5% for 95% confidence and the sample size was calculated as 140 farms.
The total energy per production unit (e.g. ha) was established by the addition of the partial energies of each input referenced to the unit of produc- tion. Energy inputs were human labor, diesel fuel, machinery, farmyard manure, irrigation, chemical fertilizers consisting of nitrogen (N), phosphorous (P 2 O 5 ) and potassium (K 2 O). To estimate the energy of the inputs, expressed in MJ/ha, the energy equivalents in Table 1 were utilized.
The energy use efficiency (energy ratio) and energy productivity were calculated using the following formulae (Mohammadi et al. 2008 
):
Energy ratio = Energy output (MJ/ha)/ Energy input (MJ/ha) (1) Energy productivity = Tomato output (kg/ha)/ Energy input (MJ/ha)
Agriculture uses energy directly as fuel or electricity to operate machinery and equipment, to heat or cool buildings, and for lighting on the farm, and indirectly in the fertilizers and chemicals produced off the farm (Alam et al. 2005; Ozkan et al. 2004 ).
Optimum energy use in agriculture is reflected in two ways, i.e. an increase in productivity with the existing level of energy inputs or conserving energy without affecting the productivity. Linear programming based on the concept of one-to-one functions was used to optimize the energy inputs (assuming no change in area under the crop). Based on this concept, the linear programming problem was formulated as (Singh et al. 2004 ): 
where: X -j -weighted mean of the j th energy use (j = 1-10)
∑X ji -total energy use by the i th farmer
Farmers who fulfilled the above constraints and contributed to the optimal solution were assigned weightage (α) according to their effectiveness of energy input use. Optimized levels of energy input use to get the existing productivity level of wheat were computed using the parametric programming by reducing the level of total energy input use (∑X -j ). Table 2 shows the amount of physical input used in tomato production in the area of survey. The results revealed that tomato is one of the highest labor demanding crops among field crops produced in region. Average labor used in tomato production was 1,093.2 h/ha and average machinery and diesel fuel were 46.3 h and 153.5 l/ha, respectively. The amount of fertilizers used and water for irrigation for tomato production were 930.5 kg/ha and 13,223.5 m 3 /ha, respectively. Maximum yield of tomato production was seen in medium farms (48,993 kg/ha) with an annual average of 48,227.3 kg/ha.
RESULTS AND DISCUSSION

Analysis of input-output energy use in tomato production
As it can be seen in Table 3 , the total amount of energy used for various practices in tomato production was calculated to be 65,238.9 MJ/ha that minimum energy use was seen in medium farms. The amount of fuel energy and machinery energy increased as the farm size increased with the annual average of 8,641.7 and 2,900.9 MJ/ha, respectively. The amount of fertilizers energy was 33,261.04 MJ/ha that of all chemical fertilizers, share of nitrogen (N), phosphorus (P 2 O 5 ) and potassium (K 2 O) were 41.19, 7.98 and 1.80%, respectively. The amount of irrigation water energy decreased as the farm size increased and consumed the amount of 13,487.9 MJ/ha (20.67% of total energy). The rates of other inputs in the total amount of energy such as human labor, manure and chemicals .95 and 0.41%, respectively. Total average amount of output energy was 38,581.9 MJ/ha, the maximum energy output was seen in medium farms. The rate of energy (energy ratio) and energy productivity were 0.59 and 0.74 kg/MJ, respectively. In other studies, the rate of energy in staketomato production in the Tokat province of Turkey (Esengun et al. 2007 ) and tomato production in greenhouse in Antalya, Turkey (Ozkan et al. 2004) were reported to be 0.80 and 1.26, respectively. Cetin and Vardar (2008) found that energy ratio and energy productivity in tomato production in the south Marmara region of Turkey were 0.8 and 0.99 kg/MJ, respectively. Also, in other study in Iran (Pashaee et al. 2008) , energy ratio and energy productivity in tomato production in greenhouse was 0.99 and 1.2 kg/MJ, respectively. It seems that this inefficiency can be due to the conventional farming of tomato, lack of proper management of inputs especially chemical fertilizers. Table 4 shows the distribution of total mean energy input as direct, indirect, renewable and nonrenewable forms. As it can be seen from the Table 4 , 37.2% of total energy input resulted from direct and 62.8% from indirect energy and 30.9% from renewable and 69.1% from non-renewable energy.
Optimization of energy inputs
The results of solving linear programming model for optimization of energy input in different levels of tomato production were given in Table 5 . The results showed that the maximum attainable yield at optimal use of the existing resources was higher than the actual observed yield in all levels of pro- duction. The use of optimum energy revealed that there exists a greater scope to increase the productivity; as the farmers could increase average yield by 45.2, 43.5 and 30% in small, medium and large farms, respectively, by using the same level of inputs through better management of the farm.
The results revealed that the farmers in all levels of production used higher energy than the optimum. This indicated that the existing productivity level in all levels of production could be achieved even by reducing the existing energy use levels by 32.2% in small farms, 29.2% in medium farms and 29.7% in large farms. The results showed that the farmers of small farms used 19.4% chemicals, 28.9% phosphate, 21.4% nitrogen and 51.6% potassium higher than optimum. On another hand, the energy consumption can be saved by optimum use of human labor, water for irrigation and diesel fuel by 27.7, 11.2 and 12.3%, respectively. Optimal amounts in medium farms indicated that farmers in this level of production used 51.6% phosphate, 6.1% nitrogen, 24.4% potassium, 100% manure, and 13% water higher than the optimum. Also, the farmers of this level of production harvested the full potential of other resources. It can save energy consumption in large farms by 69.5% phosphate, 25.6% nitrogen, 32.9% potassium, 23.4% chemicals, 18.3% water, 86.8% manure and 10% machinery, in terms of optimum use of resources.
The energy indexes of the medium farms were higher than those of the small and large farms. On another hand, the use of optimum energy implied that the farmers in all levels of production used higher energy than the optimum. The inefficient use of chemical fertilizers and diesel fuel inputs by the tomatoes production leads to problems beyond the scope of agricultural production, increasing production costs and negative effects to environment, human health, maintaining, and sustainability. Farmers must be provided with educational opportunities in the use of efficient inputs, and this is the responsibility of policy makers in the area.
